Vanadium(V) can be found in natural waters in the form of V(IV) and V(V) species, which have different biological properties and toxicity. The purpose of this study was to determine the concentrations of total V and V(V) in groundwater from the area of Mt. Etna and to assess the estimated daily intake (EDI) of V(V) of adults and children through drinking water. Water was sampled monthly at 21 sites in 2011.
INTRODUCTION
Vanadium(V) is a natural element belonging to the transitional metal group (5 th A Group) of the periodic table. Its average content in the Earth's crust is 0.014% (Minelli et al. ; Moskalyk & Alfantazi ; Anke ) and the average amount found in soil worldwide ranges from 10 to 220 mg/kg (Ovari et al. ; Poledniok & Buhl ) . Vanadium forms chemical compounds with different oxidation states, from À1 to þ5, the most common ones in the environment being þ4 and þ5; as reviewed in several papers, higher states of oxidation involve higher toxicity (WHO ).
V(V) exists as the VO 4 3À ion, which is chemically identical and biologically indistinguishable from the PO 4 3À ion.
Thus, in biological systems it can accumulate in bones and teeth, and it inhibits enzymes that process phosphate (PO 4 3À ) (Crans et al. ) .
In natural waters vanadium is found as various chemical compounds with oxidation state þ4 or þ5 ( air from urban locations is characterized by greater atmospheric levels of vanadium than rural sites and it is, furthermore, dependent on the season (ATSDR ); in soil it ranges from 3 to 310 μg/g or more in areas polluted by fly ash (WHO ); concentration of vanadium in fresh water is considerably higher than that in seawater: in the first case it ranges from 0.2 μg/L to more than 100 μg/L depending on the presence of effluents and leachates from anthropogenic and/or natural sources entering the water 
MATERIALS AND METHODS
Sampling and in situ sample treatment
Groundwater was sampled monthly throughout 2011 in 21 small towns: Aci Bonaccorsi (1), Aci S. Antonio (2), Adrano The approach used for detection limit calculation (p ¼ 95%) used the uncertainty of linear calibration (ISO , ), as stated in the following equation:
where y i,meas ¼ measured intensity of calibration stan-
The method's detection limits were 0.5 μg/L and 1.8 μg/L for total V and V(V), respectively.
Chemicals
Ultrapure water (18.2 MΩ · cm), filtered at 0.22 μm, was obtained from a Milli-Q Gradient system (Millipore, Molheim, France). V 2 O 5 99.6% and VOSO 4 ·H 2 O 97% (both from Sigma-Aldrich, Milwaukee, WI, USA) were used for speciation analysis as V(V) and V(IV) reference materials, respectively. Using these salts, a V(IV) standard stock solution of 1,000 mg/L was prepared in water and 1,000 mg/L of V(V) standard stock solution was obtained by dissolving the necessary amount of salt in 0.45 M HNO 3 65% Suprapur® by continuous stirring for 30 min. V 2 O 5 dissolves in acid as VO 2 þ according to the following equilibrium (Greenwood & Earnshaw ) : A multi-element certified reference standard containing 100 mg/L V and 1,000 mg/L Y (Merck), the latter used as internal standard, were employed to prepare standards for total V analysis after suitable dilution in 0.5% v/v HNO 3 65% Suprapur®.
Eluent for chromatographic separation was prepared from the salts at a concentration of 6 mM NaHCO 3 /2 mM Na 2 CO 3 /5 mM Na 2 EDTA (Carlo Erba, Milano, Italy) in ultrapure water then filtered through a 0.45 μm membrane.
All solutions except the total V and Y solutions were freshly prepared before use.
Estimate of daily vanadium intake through drinking water
The EDI of V(V) (μg/kg bw/day) through drinking water was calculated using the following equation (US-EPA ):
where IR, the ingestion rate, is assumed to be 2 L/day for adults and 1 L/day for children; C is the metal concentration (μg/L) and BW is the body weight assumed to be 70 kg for adults and 16 kg for children (Copat et al. ) .
Statistical analysis
For statistical analysis, samples were divided into two sets based on the springs supplying the towns: A1 samples were supplied totally or partly by Ciapparazzo spring, on the western slope of Mt. Etna (sites 3, 4, 6, 7, 8, 11, 16 and 17), whereas A2 samples were from the towns receiving water from other springs on the S/SE slope (sites 1, 2, 5, 9, 10, 12, 13, 14, 15, 18, 19, 20) . Data were subjected to Student's t-test for unpaired samples; a p-value <0.05 was considered significant.
RESULTS
The annual mean concentration of total V in the water samples from each town ranged significantly from 15.6 μg/L to 182 μg/L (Figure 2) , with an expanded uncertainty respectively of 2.7 μg/L and 26 μg/L (k ¼ 2; p ¼ 95%).
The samples from sites 3, 4, 7 and 16 exhibited the greatest concentration variability (Figure 3 ). Furthermore, at sites 3, 4 and 7 the legal limit for total V was exceeded in some samples during the year, but the annual mean was under the legal threshold ( Figure 3 ).
Pentavalent V ranged from 62.8% to 98.9% of total V and the shape of the scatterplot showed that it remained fairly constant at all total V concentrations, which ranged from 15.6 μg/L to 182 μg/L (Figure 4 ).
The total V concentrations found in area A1 (western slope of Mt. Etna) were higher than those found in area A2 (S/SE slope) and the difference was highly significant (p <0.001) ( Figure 5 ). The EDI of V(V) at some A1 sites (6, 8, 11 and 17) exceeded the children's RfDo calculated by EPA.
As shown in Figure 2 , the annual mean concentration of total V exceeded the Italian legal limit of 140 μg/L at sites 6, (EFSA ). An EDI of V of c. 2 μg/day (equivalent to 0.03 μg/70 kg/day) has been estimated based on the assumption of 2 L daily intake of drinking water (ATSDR ).
The present findings of a concentration range of 0.4-11 (Table 1) 
CONCLUSIONS
If areas at risk of excessive V exposure were to be defined on the basis of V concentrations in groundwater, they would be the small towns supplied wholly or partially by Ciapparazzo spring (area A1). Furthermore, here we found high levels of V(V), known for its potentially significant effects on human health. In the area examined in the present study, the amount of V associated with drinking water and consequently the EDI of V(V) were significantly higher than the literature, ranging from 0.09 to 0.34 μg/kg/day in adults (ATSDR ). The resulting EDI could be useful for future evaluations, when more exhaustive toxicological data on V(V) become available.
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